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The HCF housed three shielded cells-the High Level Cell (HLC), the Low Level Cell (LLC), and the Metallography Cell. The HLC was used to perform post-irradiation examinations on fuels and structural materials while the LLC was used as a staging area for samples being transferred in and out of the HLC. The Metallography Cell was utilized to prepare irradiated fuel and metal samples for the metallograph. Most of the projects served in the examination of irradiated fuel and graphite for High Temperature Gas-Cooled Reactors (HTGR) and the packaging of irradiated fuel for the Reduced Enrichment Test Reactor (RERTR). Earlier activities involved examinations of Hastelloy X-clad uranium oxide-beryllium oxide fuel for the Experimental Beryllium Oxide Reactor (EBOR) and its predecessor, the Marine Gas-Cooled Reactor (MGCR). The UO 2 -BeO fuel for the EBOR was manufactured in the area of the HCF that later served as the machine shop. Recently, the HCF was utilized for the examination of thermionic fuel elements (TFE) for space power application and fuel for GA's Training, Research, Isotopes, General Atomics (TRIGA) reactor.
In addition to activities conducted in the building's test cells, areas such as the Physical Test Lab, Hot Cell Yard, and the service gallery were used during operation. Since 1980, the Physical Test Lab was used for the Engineering Scale Tritium Extraction System project for the New Production Reactor program while the Hot Cell yard and service gallery were used for cask handling and maintenance activities, waste consolidation and packaging.
As usage of the Hot Cell dropped, and in conjunction with the continuing private industrial development around the site, GA decided that decontamination and decommissioning (D&D) of the facility and the surrounding area was necessary, for release for unrestricted use. GA, therefore, A fence was erected to delineate the HCF boundary with the exception of the north and west corners which are located on a steep hillside.
OBJECTIVES
The objectives of the verification survey were to confirm that remedial actions had been effective in meeting established guidelines and that documentation accurately described the post-remedial action radiological conditions of the property.
DOCUMENT REVIEW
ESSAP reviewed GA's characterization report, decommissioning plan, final survey plan, final radiological survey results and other supporting documentation concerning site decommissioning activities for the HCF (GA 1998a, b, c and . Information was evaluated to ensure that areas identified as exceeding site guidelines had been decontaminated and that residual soil concentration levels satisfied the established guidelines. Assurance Manuals (ORISE 1999a, 1998a and b) .
PROCEDURES

SURVEY PROCEDURES
The following procedures describe the site verification activities that were conducted.
Reference System
The 10 meter × 10 meter (m) grid established by GA was used for referencing measurement and sampling locations (Figure 3 ).
Surface Scans
Gamma scans were conducted at one to two meter intervals over 100% of the HCF site (including the trenches and pits addressed during the November 1999 survey activities) using NaI scintillation detectors coupled to ratemeters with audible indicators. Locations of elevated radiation, suggesting the presence of surface or near surface contamination, were marked and identified for further investigation.
Exposure Rate Measurements
Background exposure rates were determined during a previous site survey-measurement locations are shown on Figure 4 (ORAU 1986). Exposure rates were measured at one meter above the surface at each soil sample location using a microrem meter. Measurement locations are shown on 
Soil Sampling
Background soil samples collected at six locations outside of the GA facility during a previous site survey were used for comparison purposes (ORAU 1986) . 
SAMPLE ANALYSIS AND DATA INTERPRETATION
Samples and data were returned to the ORISE/ESSAP laboratory in Oak Ridge, Tennessee for analysis and interpretation. Sample analyses were in accordance with the ORISE/ESSAP Laboratory Procedures Manual (ORISE 1999b) . Soil samples were analyzed by gamma spectroscopy for uranium and mixed fission and activation products, primarily Cs-137, Cs-134, and Co-60. Spectra were also reviewed for other identifiable total absorption peaks. Seventeen of the samples were analyzed by wet chemistry methods for Sr-90. All soil sample results were reported in units of picocuries per gram (pCi/g). Exposure rates were reported in units of microroentgens per hour (WR/h). Additional information concerning major instrumentation, sampling equipment, and analytical procedures is provided in Appendices A and B.
FINDINGS AND RESULTS
DOCUMENT REVIEW
ESSAP's review determined that the procedures, methods, and data submitted by GA were appropriate and adequately reflect the radiological status of the HCF. Comments identified during these reviews were submitted to the DOE (ORISE 1998c and . GA provided satisfactory written responses to ESSAP's comments (GA 2000b and c).
SURFACE SCANS
Gamma surface scans did not identify any areas of elevated direct radiation from within the excavations (trenches and pits) and only one location of slightly elevated activity was detected in the remaining open land areas (Grid Block I2).
EXPOSURE RATES
Background exposure rates, presented in Table 1 , ranged from 7 to 13 WR/h and averaged 10 WR/h (ORAU 1986 ). Site exposure rates are summarized in Tables 2 and 3 , and ranged from 9 to 20 WR/h.
RADIONUCLIDE CONCENTRATIONS IN SOIL
Background Soil Samples
The radionuclide concentrations in background soil samples are presented in Table 1 . Concentration ranges were as follows: less than 0.1 pCi/g for Co-60; less than 0.1 to 0.2 pCi/g for Cs-137; 1.3 to 3.2 pCi/g for total thorium (Th-228 + Th-232); less than 0.2 to 0.7 pCi/g for U-235; less than 1.1 to 1.6 pCi/g for U-238; and less than 3.4 pCi/g for total uranium.
Excavated (Trenches and Pits) Area Soil Samples
Twelve soil samples were collected from the excavated areas and the analytical results are summarized in Table 2 . The radionuclide concentrations for Cs-134, Eu-152, Eu-154, Eu-155, Nb-94, Sb-125, and U-235 were generally less than the respective minimum detectable concentrations for each radionuclide. Detectable radionuclide concentrations were as follows: less than 0.1 to 0.3 pCi/g for Co-60; less than 0.1 to 1.4 pCi/g for Cs-137; 0.12 to 2.69 pCi/g for Sr-90; 0.9 to 2.7 pCi/g for U-238; 1.2 to 1.9 pCi/g for Th-232; and, 1.2 to 2.1 pCi/g for Th-228. Total thorium concentrations ranged from 2.5 to 3.8 pCi/g and total uranium concentrations were less than 4.4 pCi/g.
Remaining Open Land Area Soil Samples
The analytical results for soil samples collected from the remaining open land areas are summarized in Table 3 . The radionuclide concentrations for Cs-134, Eu-152, Eu-154, Eu-155, Nb-94, Sb-125, and U-235 were generally less than the respective minimum detectable concentrations for each radionuclide. Detectable radionuclide concentrations were as follows: less than 0.1 to 0.4 pCi/g for Co-60; less than 0.1 to 2.4 pCi/g for Cs-137; 0.25 to 2.85 pCi/g for Sr-90; 0.3 to 3.2 pCi/g for U-238; less than 0.4 to 2.0 pCi/g for Th-232; and, 0.9 to 2.1 pCi/g for Th-228. Total thorium concentrations ranged from less than 1.3 to 4.0 pCi/g and total uranium concentrations were less than 6.8 pCi/g.
Confirmatory Soil Sample Analyses
The five soil samples submitted by GA were analyzed by ESSAP and the results were directly compared to GA's results (Table 4 ). The radionuclide concentrations for Co-60, Cs-137, Th-228, Th-232, and U-235 were generally in agreement-there were some discrepancies with the U-238 results. For example, the U-238 results for samples 23S-98-144 and -145 were different by a factor of greater than 2. A review of the gamma spectroscopy data reporting procedures indicated that the cause for the discrepancy was the use of different total absorption peaks to quantify the U-238 concentrations.
It has been ESSAP's experience that whenever Th-232 and U-238 are both present within the soil samples, that the use of the 0.63 MeV total absorption peak, as opposed to the 0.93 MeV peak is a better choice for quantifying U-238 concentrations (from the Th-234 daughter) due to interference from the 0.93 MeV peak of Ac-228 in the thorium series. GA was notified of this and they subsequently re-evaluated the data for the confirmatory samples. ESSAP reviewed this revised data which is also provided in Table 4 and found the results to agree within the statistical deviation of the procedure (Table 4) . Although uranium concentrations have been over-estimated, they are still below the site release criteria. GA's responses to ESSAP's comment letter adequately addressed these discrepancies (GA 2000b and c).
COMPARISON OF RESULTS WITH GUIDELINES
The primary contaminants of concern for this site are uranium and mixed fission and activation products. The applicable site-specific soil guidelines are provided in Table 5 and have been approved by both the DOE and the State of California. All quantified radionuclide concentrations were less than the respective guidelines. The DOE exposure rate guideline is 20 WR/h above background-although GA's site-specific criteria are based on a maximum external exposure of 10 WR/h above background (DOE 1990 and GA 1998c) . All exposure rates were within this guideline.
SUMMARY
During the periods of November 1, 1999 and March 21 through 22, 2000, the Environmental Survey and Site Assessment Program performed verification surveys of General Atomics' Hot Cell Facility
Site located in San Diego, California. Verification survey activities included document reviews, gamma surface scans, exposure rate measurements, and soil sampling.
Results of the verification surveys confirmed the results obtained by GA. Gamma surface scans identified only one area of elevated direct gamma radiation. Soil samples collected from this location did not contain elevated concentrations of any of the primary radionuclides of concern. This confirms that the elevated gamma levels were the result of suspected geometry factors influencing ambient gamma background levels. With the exception of Sr-90 results, all other soil samples had radionuclide concentrations that were either at background or less than the respective minimum detectable concentration levels. Sr-90 radionuclide concentrations, though above background levels, were well below the site-specific release criteria.
Additionally, for confirmatory analyses, ESSAP requested five soil samples from GA that had previously been analyzed by GA. The results indicated that there were discrepancies between ESSAP and GA in the reporting of U-238 gamma spectroscopy data for the same soil samples.
ESSAP recommended that the specific radionuclides and gamma energies used to determine the soil concentrations of these radionuclides be identified and provided for review (ORISE 2000b ). GA's response to this request addressed GA's use of different total absorption peaks than ESSAP to estimate the concentration of these radionuclides in the soil samples (GA 2000b and c).
After reviewing this additional data, it is ESSAP's opinion that GA's quantification of U-238 concentrations over-estimate the U-238 activity. Even though the U-238 results were overestimated, all of GA's final survey soil sample results were below the site release criteria. Therefore, ESSAP concurs with GA's final survey results in that the site release criteria have been met. It is ESSAP's opinion that all concerns have been addressed and adequately resolved. General Atomics analyses indicated that these samples contained background levels of the radionuclides. Average background levels were as follows: Th-228, 1.19 pCi/g; Th-232, 1.31 pCi/g; Total Thorium, 2.5 pCi/g; U-235, 0.14 pCi/g; U-238, 2.03 pCi/g. f GA revised results reported actual results for Th-228, Th-232, and U-238 (using 63keV peak). 
TABLES
APPENDIX B SURVEY AND ANALYTICAL PROCEDURES SURVEY PROCEDURES Surface Scans
Surface scans were performed by passing the detectors slowly over the surface; the distance between the detector and the surface was maintained at a minimum-nominally about 10 cm. Identification of elevated levels was based on increases in the audible signal from the recording and/or indicating instrument. Combinations of detectors and instruments used for the scans were:
Gamma -NaI scintillation detector with ratemeter
Exposure Rate Measurements
Measurements of dose equivalent rates (Wrem/h) were performed at 1 m above the surface using a Bicron microrem meter. Although the instrument displays data in Wrem/h, the Wrem/h to WR/h conversion is essentially unity.
Soil Sampling
Approximately 1 kg of soil was collected at each sample location. Collected samples were placed in a plastic bag, sealed, and labeled in accordance with ESSAP survey procedures.
ANALYTICAL PROCEDURES
Gamma Spectroscopy
Samples of soil were dried, mixed, crushed, and/or homogenized as necessary, and a portion sealed in a 0.5-liter Marinelli beaker or other appropriate container. The quantity placed in the beaker was chosen to reproduce the calibrated counting geometry. Net material weights were determined and B-2
General Atomics' Hot Cell Facility (406) -June 26, 2000 y:\essap\projects\0406_General Atomics\final report.wpd the samples counted using intrinsic germanium detectors coupled to a pulse height analyzer system. Background and Compton stripping, peak search, peak identification, and concentration calculations were performed using the computer capabilities inherent in the analyzer system. All total absorption peaks associated with the radionuclides of concern were reviewed for consistency of activity. Energy peaks used for determining the activities of radionuclides of concern were: Spectra were also reviewed for other identifiable total absorption peaks (photopeaks).
Strontium-90 Analyses
Soil samples were dried, mixed, and crushed. An aliquot of ashed material was removed and dissolved using sequential molten salt fusions. The sample was then dissolved in a weak hydrochloric acid solution and strontium was precipitated with lead sulfate. Potential interferences were removed using EDTA and borium chromate. Strontium was precipitated as the carbonate and counted on a low background gas proportional counter. The count rate was corrected for yttrium ingrowth. The chemical yield was determined gravimetrically.
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UNCERTAINTIES AND DETECTION LIMITS
The uncertainties associated with the analytical data presented in the tables of this report represent total propagated uncertainty at the 95% confidence level. These uncertainties were calculated based on both the gross sample count levels and the associated background count levels.
Detection limits, referred to as minimum detectable concentration (MDC), were based on 3 plus 4.65 times the standard deviation of the background count [3 + (4.65LBKG) ]. Because of variations in background levels, measurement efficiencies, and contributions from other radionuclides in samples, the detection limits differ from sample to sample and instrument to instrument.
CALIBRATION AND QUALITY ASSURANCE
Calibration of all field and laboratory instrumentation was based on standards/sources, traceable to NIST, when such standards/sources were available. In cases where they were not available, standards of an industry-recognized organization were used. The procedures contained in these manuals were developed to meet the requirements of DOE Order 414.1A and ASME NQA-1 for Quality Assurance and contain measures to assess processes during their performance.
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• Daily instrument background and check-source measurements to confirm that equipment operation is within acceptable statistical fluctuations.
• Participation in EML, ITP, and MAPEP laboratory Quality Assurance Programs.
• Training and certification of all individuals performing procedures.
• Periodic internal and external audits.
